Abstract Insomnia is a major public health concern, and is highly comorbid with a broad range of psychiatric disorders. Although insomnia has historically been considered a symptom of other disorders, this perspective has shifted. Epidemiological and experimental studies suggest that insomnia is related to the onset and course of several psychiatric disorders. Furthermore, several randomized controlled trials show that cognitive behavioral therapy for insomnia delivered to individuals who meet diagnostic criteria for insomnia and another psychiatric disorder improves the insomnia as well as the symptoms of the comorbid psychiatric disorder. Taken together, these results encompassing a range of methodologies have provided encouraging evidence and point toward insomnia as a transdiagnostic process in psychiatric disorders.
Introduction
Insomnia is a widespread problem that affects one-third of the general population [1, 2] . Insomnia can include difficulties falling asleep, staying asleep, or waking earlier than intended and results in impairment or dysfunction [3] . In the DSM5, insomnia is both listed as a distinct condition (insomnia disorder) and in the diagnostic criteria for a variety of psychiatric disorders, and is also commonly observed in other disorders that do not include insomnia in the diagnostic criteria. Comorbidity between insomnia and psychiatric disorders is 41-53 %, and is even higher when insomnia is broadly defined [4] . As such, the goal of this paper is to consider whether insomnia is an important transdiagnostic process in psychiatric disorders.
The transdiagnostic perspective has gained momentum in recent years, and is now a foundational aspect of the National Institute of Mental Health's (NIMH) Research Domain Criteria (RDoC) program [5] . RDoC aims to investigate underlying processes (e.g., genes related to threat, attention circuitry, or reward learning behaviors) across traditional psychiatric disorders. Similarly, a transdiagnostic perspective considers common processes that cut across single psychiatric disorders [6] [7] [8] [9] . Within the transdiagnostic perspective, a process can either be descriptive or mechanistic [8] . A descriptive transdiagnostic process simply co-occurs with other psychiatric disorders whereas a mechanistic transdiagnostic process is causally or bidirectionally related to the psychiatric disorder.
There are a number of advantages to clinicians and researchers taking a transdiagnostic perspective. First and foremost, individuals experiencing psychiatric illnesses typically experience comorbidity. Thus, it can be challenging for a clinician to decide which disorder to treat first. According to a transdiagnostic perspective, treatment would target a mechanistic transdiagnostic process as opposed to the disorder. Treatments are being developed to target transdiagnostic processes across a range of psychiatric disorders including depression [10•], anxiety disorders [11, 12, 13 •], bipolar disorder [14•] , schizophrenia [15] , and also sleep problems [16] . One such treatment is cognitive behavioral therapy for insomnia (CBT-I), which has been shown to not only successfully treat insomnia [17, 18] , but to also effectively treat other comorbid disorders including depression [19] , bipolar disorder [20••, 21 •], PTSD [22, 23•] , and schizophrenia [24••] . CBT-I is a multicomponent treatment that targets sleep interfering behaviors and cognitions.
The behavioral component of CBT-I is typically comprised of stimulus control and sleep restriction, which both have a strong evidence base [25, 26] . Stimulus control proposes that classical conditioning is responsible for symptoms of insomnia. When the sleep environment becomes associated with sleeplessness, symptoms of insomnia are reinforced. In order to recondition these behaviors utilizing stimulus control, individuals with insomnia are asked to reserve the bedroom only for sleep, to attempt to fall asleep only when tired, and to leave the bedroom if unable to fall asleep [27] . Also, individuals with insomnia spend an excessive amount of time in bed, which can result in homeostatic imbalance of the sleep and circadian system; this imbalance is likely responsible for long sleep onset latency and low sleep efficiency. Sleep restriction involves limiting the available time in bed by delaying the bedtime of the individual with insomnia. Once adequate sleep efficiency is achieved, time in bed is increased by advancing bedtime until the desired total sleep time is reached [28, 29] .
The cognitive component of CBT-I posits that insomnia symptoms occur as a result of a cascade of worries, arousal and distress, selective attention and monitoring, and misperception of sleep deficits [30] [31] [32] [33] . Worries trigger the sympathetic nervous system resulting in arousal and distress. Next, attention is directed to internal and external cues (e.g., body sensations or innocuous sounds) that interfere with sleep and cause worry. Finally, sleep latency is inaccurately estimated, which results in subjective reports of inadequate sleep. Additional cognitive processes are implicated in insomnia such as inaccurate beliefs about sleep (e.g., "I can't feel rested if I don't get 8 hours of sleep" or "I can't sleep well without a drink before bed") [34] . CBT-I traditionally utilizes psychoeducation to treat maladaptive cognitions about sleep [17] , although more recently other cognitive therapy techniques have been used such as behavioral experiments, guided discovery, negative automatic thought forms, and Socratic questioning [31, 35, 36••] .
Aim
Insomnia has already been highlighted as a biologically [37•] and theoretically [38] plausible transdiagnostic contributor to psychiatric disorders. The aim of the present paper is to extend this prior work by reviewing the evidence pointing to insomnia as both descriptively and mechanistically transdiagnostic. This review will focus on insomnia within major depressive disorder, generalized anxiety disorder, bipolar disorder, posttraumatic stress disorder, and schizophrenia. To support the claim that insomnia is mechanistically transdiagnostic, this paper will discuss (1) the relationship between insomnia and the onset and maintenance of psychiatric disorders and (2) the influence of insomnia on the treatment of the disorders and the effect of CBT-I on the disorders.
Two methodological notes should be made regarding this review. First, for the purposes of this paper, insomnia will be defined as subjective sleep disturbance related to difficulties falling asleep, staying asleep, or waking earlier than intended that results in impairment. Other aspects of sleep disturbance that are related to insomnia and psychiatric disorders (e.g., circadian rhythm disturbance or hypersomnia) are beyond the scope of this paper. Second, while this paper will focus on evidence supporting the efficacy of CBT-I, there is also evidence supporting the use of benzodiazepine receptor agonists in the treatment of insomnia [39] [40] [41] . The discussion of the effectiveness of these medications is also beyond the scope of this paper.
Insomnia in Psychiatric Disorders

Major Depressive Disorder
Comorbidity between insomnia and major depressive disorder (MDD) has been estimated to be between 10 and 60 %, depending on the criteria used [2] . Insomnia is included in the diagnostic criteria for MDD [3] . Multiple epidemiological studies have reported that insomnia contributes to the onset and course of MDD (for a review see [42] ). For example, the National Institute of Mental Health Epidemiologic Catchment Area study found that adults with current insomnia had a much higher risk of developing MDD compared to those whose insomnia had remitted [43] . Similar results have been reported for elderly patients with insomnia, who were six times more likely to experience a major depressive episode compared to those without insomnia [44] . There is also evidence that indicates that insomnia is a maintaining factor in MDD. Liu et al. [45] considered whether children and adolescents with insomnia, hypersomnia, or both demonstrated differences in depressive symptoms. Findings from this study indicate that, compared to children with no sleep disturbance, children with insomnia demonstrated increased depressed mood, diurnal variation of depressed mood, and agitation. Additionally, children with insomnia experienced more feelings of worthlessness compared to those with only hypersomnia.
Treatment studies of MDD indicate that current insomnia symptoms predict worse treatment outcomes for elderly patients with MDD [46] . Additionally, residual insomnia is common after pharmacotherapy and psychotherapy for MDD, which is concerning given that insomnia is associated with greater risk of relapse [47] . Symptoms of both insomnia and depression can be effectively treated by cognitive behavioral therapy for insomnia (CBT-I) combined with other treatments for depression. One study examined the effectiveness of CBT-I compared to placebo psychotherapy in a sample of patients with MDD prescribed escitalopram. Patients who received CBT-I and escitalopram experienced reduced symptoms of insomnia and depression compared to patients who received escitalopram and control therapy [19] . Moreover, a related study considered whether depression severity influenced CBT-I treatment outcomes for those with MDD and comorbid insomnia. Response to CBT-I was not statistically different based upon depressive symptom severity [48••] .
Overall, the evidence suggests that insomnia is both a descriptive and mechanistic transdiagnostic process in MDD. There is strong evidence from epidemiological studies that insomnia co-occurs with MDD and is related to the onset and maintenance of MDD symptoms. Treatment studies indicate that treatment of insomnia combined with other depression treatments can lead to favorable outcomes in MDD, which also supports the claim that insomnia is a mechanistic transdiagnostic process in MDD.
Generalized Anxiety Disorder
Comorbidity between generalized anxiety disorder (GAD) and insomnia is estimated to be 70 % [49] . Nearly threequarters (74 %) of primary care patients with GAD report symptoms of insomnia, such as difficulty falling asleep and sleep discontinuity [50] . Longitudinal studies that assess GAD and insomnia indicate that anxiety precedes insomnia in the majority of comorbid cases [51] . Worry is a core feature of GAD, and is a common experience for those with insomnia during the pre-sleep period [30] . Furthermore, sleep quality can be the object of worry, which may further contribute to sleeplessness [52] . Research indicates that fear of poor sleep quality can lead to symptoms of insomnia and these symptoms can then exacerbate worries related to sleep [30] .
Few studies have considered the influence of comorbid insomnia on treatment outcomes in GAD. One meta-analysis reported that out of 1205 studies evaluating cognitive behavior therapy (CBT) for anxiety disorders (not only GAD), only 25 of these studies measured sleep [53] . The authors conclude that treatment of anxiety has a moderate effect on sleep outcomes. A similar meta-analysis was conducted that examined the effect of CBT-I on anxiety symptoms [54••] . The study analyzed 29 CBT-I trials that included anxiety questionnaires as an outcome measure, and concluded that CBT-I has a moderate effect on reducing symptoms of anxiety. To the best of our knowledge, no CBT-I trials have considered the effect of treating insomnia in GAD.
Insomnia is a descriptive transdiagnostic process in GAD given the high rate of co-occurrence between GAD and insomnia. There is a moderate amount of evidence from a metaanalysis of treatment studies that insomnia is a mechanistic transdiagnostic process in symptoms of anxiety. Relative to the other disorders reviewed, the evidence for insomnia as a mechanistic factor in GAD is less strong, mainly because there are several studies not consistent with the hypothesis.
Bipolar Disorder
Sleep disturbance is a central feature of bipolar disorder, and is associated with both manic and depressive symptoms. The diagnostic criteria indicate that reduced need for sleep can be present during episodes of mania, and insomnia and hypersomnia may be present during episodes of depression [3] . Winokur, Clayton, and Reich's [55] classic studies on bipolar disorder indicate that 34 % of those with mania and potentially 100 % of those with bipolar depression experience insomnia. Insomnia is an important prodromal symptom of mania. Indeed, in a review of 11 studies, sleep disturbance was the primary prodrome of mania and was endorsed by 77 % of patients [56] . Reduced total sleep time and early morning awakening is related to the onset of symptoms of hypomania and mania [57, 58] . Furthermore, a study examining the bidirectional relationship between sleep and mood provides support for a transdiagnostic process between bipolar disorder and insomnia [59•] . Sleep disturbance, increased negative mood, and a positive association between negative mood and disrupted sleep were observed in both the bipolar disorder and insomnia groups.
There is evidence to suggest a relationship between insomnia and bipolar disorder treatment outcomes [60] . One study examined patients admitted to a hospital with a bipolar disorder diagnosis, and found that those who had longer total sleep time (TST) during their first night of hospitalization had improved symptoms and were discharged earlier than those with shorter TST [61] . Due to the high co-occurrence of insomnia (or sleep disturbance, in general) and bipolar disorder, and the relationship between sleep disturbance and onset of mania symptoms, treating insomnia within bipolar disorder is a priority. Some concern has been expressed for using CBT-I within bipolar disorder given the importance of stimulus control and sleep restriction in CBT-I and the potential risk of developing hypomania or mania symptoms as a result of treatment-related mild sleep deprivation [62] . However, CBT-I has been evaluated within bipolar disorder and results from this study indicate that neither stimulus control nor sleep restriction resulted in hypomania or mania symptom [20••] . Moreover, the intervention reduced insomnia symptoms and increased sleep efficiency when compared to a sleep psychoeducation condition. Furthermore, a randomized controlled trial pilot study was also conducted and found that treating insomnia in bipolar disorder improved sleep, mood, and inter-episode functioning bipolar disorder [21•] .
Taken together, insomnia is both a descriptive and mechanistic transdiagnostic process in bipolar disorder. There is strong evidence that insomnia co-occurs with bipolar disorder. Longitudinal and experimental evidence supports the claim that insomnia is a mechanistic transdiagnostic process in bipolar disorder. Although few insomnia treatment studies have been conducted within bipolar disorder, extant studies provide support that insomnia is a mechanistic transdiagnostic process in bipolar disorder.
Posttraumatic Stress Disorder
Comorbidity between insomnia and posttraumatic stress disorder (PTSD) is approximately 70 % [63] . These comorbidity estimates are likely high due to the fact that insomnia is explicitly included in the diagnostic criteria for PTSD [3] . Furthermore, nightmares are a common feature of PTSD [64] , and are related to symptoms of insomnia [65] . Although insomnia is listed in the diagnostic criteria as a symptom of PTSD, there is evidence suggesting that insomnia may be a predisposing factor as well. One study utilized a longitudinal design to evaluate whether insomnia or PTSD symptoms account for more variance in future insomnia or PTSD symptoms in Iraq combat veterans [66•] . Data was collected four and eight months after the soldiers returned from a 12-month deployment to Iraq. Insomnia significantly predicted future PTSD. However, symptoms of PTSD did not predict symptoms of insomnia [66•] . Further evidence from a study of fire evacuees found that insomnia, along with sleep disordered breathing and nightmares, accounted for 37 % of the variance in PTSD symptoms [67] .
Nearly half (48 %) of those who receive CBT for PTSD experience residual insomnia symptoms post treatment [68] . The majority of these patients continued to experience insomnia despite the cessation of nightmares and night-time hypervigilance. This is perhaps unsurprising given the lack of emphasis on sleep with empirically supported treatments for PTSD [65] . CBT-I for PTSD has been shown to be an effective treatment for managing sleep difficulties including insomnia [69] . One study compared CBT-I combined with imagery rehearsal therapy (a treatment that focuses on cognitive restructuring of nightmares combined with psychoeducation related to nightmares) to treatment as usual in a sample of veterans with PTSD [70•] . This study reported decreased insomnia severity and PTSD symptoms compared to the treatment as usual condition. Another study compared the effectiveness of prazosin (an alpha-1 antagonist that has been shown to treat sleep problems and PTSD symptoms) and a behavioral sleep intervention based on key CBT-I principles (e.g., stimulus control and sleep restriction) [71••] . Results from this study indicated that both treatments resulted in significant improvement in insomnia severity and daytime PTSD symptoms.
These studies provide evidence that insomnia is both a descriptive and mechanistic transdiagnostic process in PTSD. There is strong evidence that insomnia co-occurs with PTSD.
Longitudinal and treatment studies provide evidence that insomnia is a mechanistic transdiagnostic process in PTSD.
Schizophrenia
Insomnia is common in schizophrenia and can severely diminish quality of life. The prevalence of insomnia among individuals with schizophrenia is understudied. However, comorbidity estimates range between 36-52 % [72•, 73] . Also, paranoid thinking (a key symptom of schizophrenia) appears to be related to insomnia. A series of studies examining this question has suggested that insomnia symptoms confer up to three times the risk of also experiencing paranoid thinking [74, 75•] . Insomnia has also been linked to a worsening of symptoms of schizophrenia including increased psychosis [72•] . Additionally, increased positive symptoms are related to insomnia in patients with schizophrenia who had discontinued antipsychotic medication treatment [76] .
While sleep disturbance can be a side effect of medication for schizophrenia, residual insomnia can persist after utilization of best-practice medication interventions for schizophrenia [77•] . Given the effectiveness of CBT-I for other psychiatric disorders and the favorable side effect profile, CBT-I may be a viable option for reducing insomnia in schizophrenia. Indeed, a pilot study was conducted to examine whether brief CBT-I reduces insomnia and persecutory delusions within psychotic disorders [24••] . Results from this study demonstrated that half of the participants experienced reduced persecutory delusions and two-thirds experienced reduced insomnia symptoms. To extend these findings, a large randomized controlled trial is in progress. This study further investigates the efficacy of using CBT-I to not only reduce insomnia, but also to reduce positive schizophrenia symptoms [78•] .
Overall, the evidence reviewed suggest that insomnia is both a descriptive and mechanistic transdiagnostic process in schizophrenia. Although the prevalence of insomnia in schizophrenia is understudied, insomnia strongly co-occurs with schizophrenia. Experimental studies and one treatment study also provides evidence that insomnia is a mechanistic transdiagnostic process in schizophrenia.
Conclusions
Research on the relationship between insomnia and psychiatric disorders demonstrates that insomnia is both a descriptive and mechanistic transdiagnostic process related to the onset and maintenance of major depressive disorder, generalized anxiety disorder, bipolar disorder, posttraumatic stress disorder, and schizophrenia. Insomnia not only interferes with the treatment of these disorders, but it persists after the effective treatment of these disorders. The evidence indicates that cognitive behavioral therapy for insomnia can effectively reduce symptoms of both insomnia and the comorbid disorder. Notably, much of the research conducted on insomnia and psychiatric disorders has been conducted in university settings. Hence, future efforts will be necessary to understand whether insomnia is a transdiagnostic process in community and underserved populations and across the lifespan (e.g., children and youth). Additionally, future studies will be needed to evaluate the extent to which insomnia is a transdiagnostic process in other psychiatric disorders.
